After identification of a case of extrinsic allergic alveolitis due to exposure to wood dust at a sawmill, all employees at the sawmill where he worked were studied with an occupational, environmental, and symptom questionnaire, spirometry, skin prick tests, and serum specific IgG measurements. Ninety five of current and 14 of 17 ex-sawmill workers were studied. As a basis for comparison, a group of 58 workers from a nearby light engineering factory were also studied. Few women (6) were employed and they were excluded from the analysis. Workers at the sawmill were stratified into high and low exposure groups depending on their place of work. This division was supported both by their subjective assessment of the dustiness of their environment and the results of personal dust samples. There were no significant differences between the three groups in age, height, smoking habits, exposure to other causes of extrinsic allergic alveolitis, forced expiratory volume in one second, forced vital capacity, atopic state, or cutaneous reactivity to moulds. In the high exposure group the prevalence of work related cough and nasal and eye symptoms was higher than in the low exposure and comparison groups. The prevalence of work related wheeze was similar in both the high exposure and comparison groups, but was lower in the low exposure group. The prevalences of chronic bronchitis and symptomatic bronchial hyper-reactivity were similar in the high and low exposure groups but were lower in the comparison group. Serum concentrations of specific IgG against extracts of sawdust and Trichoderma koningii were significantly higher in the high exposure group than in the other two groups. The prevalence of symptoms suggestive of extrinsic allergic alveolitis was 4 4% in the high exposure group, greater than in the low exposure group (0%), and the comparison group
spirometry, skin prick tests, and serum specific IgG measurements. Ninety five of current and 14 of 17 ex-sawmill workers were studied. As a basis for comparison, a group of 58 workers from a nearby light engineering factory were also studied. Few women (6) were employed and they were excluded from the analysis. Workers at the sawmill were stratified into high and low exposure groups depending on their place of work. This division was supported both by their subjective assessment of the dustiness of their environment and the results of personal dust samples. There were no significant differences between the three groups in age, height, smoking habits, exposure to other causes of extrinsic allergic alveolitis, forced expiratory volume in one second, forced vital capacity, atopic state, or cutaneous reactivity to moulds. In the high exposure group the prevalence of work related cough and nasal and eye symptoms was higher than in the low exposure and comparison groups. The prevalence of work related wheeze was similar in both the high exposure and comparison groups, but was lower in the low exposure group. The prevalences of chronic bronchitis and symptomatic bronchial hyper-reactivity were similar in the high and low exposure groups but were lower in the comparison group. Serum concentrations of specific IgG against extracts of sawdust and Trichoderma koningii were significantly higher in the high exposure group than in the other two groups. The prevalence of symptoms suggestive of extrinsic allergic alveolitis was 4 4% in the high exposure group, greater than in the low exposure group (0%), and the comparison group (1-9%/o). In conclusion extrinsic allergic alveolitis probably occurs in British sawmills, and among the exposed population its prevalence may be as high as that reported in Sweden. The allergen responsible is likely to be from mould growing on the wood and may be from Trachoderma koningii.
(Occup Environ Med 1994;5l:165-172)
We recently described a maintenance engineer who developed wood associated extrinsic allergic alveolitis while working at a Welsh sawmill.' A similar condition-wood trimmer's disease-has been described among sawmill workers in Sweden and has been estimated to affect between 5% and 10% of the exposed workforce.' Apart from our index case, wood associated extrinsic allergic alveolitis has not been reported in the United Kingdom. We therefore thought it important to determine whether other workers at the sawmill were affected. An epidemiological, immunological, and environmental investigation was undertaken of both current and ex-workers at the sawmill and of a control population not occupationally exposed to wood or wood products.
Materials and methods

THE SAWMILL
The sawmill, which opened in 1980, cuts timber from all parts of the United Kingdom. The mill site comprises five main buildings: the office building; the green mill with attached sorting shed, saw shop, and maintenance shop; the autostacker; the kiln; and the dry mill. The types of timber cut have been described previously. ' About 3300 m3 of timber was cut in the green mill each week. Extraction of sawdust from beneath the band saws, which were enclosed, relied on conveyor belts. There was no atmospheric dust extraction system. Large pieces of wood were cleaned from beneath the machinery each evening, but dust was not regularly cleaned from inaccessible parts of the machines. The whole of the green mill was blown down with compressed air every two to three months.
About 20% of the cut wood was machined in the dry mill where some was planed or mouldings cut and the rest cut into shorter lengths. Sawdust from these blades was extracted by overhead vents. Less than 5% of the green mill's output passed through a kiln before reaching the dry mill. The kiln was manually loaded, but was otherwise automatically operated to maintain a temperature of about 60'C for three to four days. Humid air was vented from the kiln directly into the atmosphere.
About 5% of the cut planks were treated with a fungicide in an automatic process with manual loading and unloading of the treatment tank, which was run overnight. The fungicide was a mixture of sodium dichromate (44 6% w/w), copper sulphate (34 6% w/w), and arsenic pentoxide (19 96% w/w).
Saw blades were replaced every three to four hours and were resharpened in the sawshop, where new blades were also made. Most band saw blades were made from steel, but some circular saw blades had tungsten carbide tips.
THE WORKFORCE
The sawmill employed a total of 100 people distributed between the buildings and outdoors. Two shifts (0600 to 1400 and 1400 to 2200) operated for most of the workforce. Office staff worked from 0900 to 1700 and a few employees worked a night shift from 2200 to 0600. During each of the day shifts most of the men worked in the green and dry mills, two men worked in the autostacker, and the remainder were outside, either driving vehicles or working in the log yard. Those inside the mills were subject to the highest levels of dust exposure, but although those working outside seemed less exposed to fresh sawdust, they encountered stored logs, sawdust, and wood chips, as well as mulched bark and vapour from the kiln. The maintenance engineers visited all parts of the sawmill and were exposed to old dust on and around the machines.
EX-WORKERS
The sawmill provided a list of all exemployees other than those employed as casual labour for periods of only a few weeks. During the nine years of operation, 17 workers had left the sawmill, which was by far the largest employer in the area. All of these workers were sent questionnaires at their last known addresses and were invited to attend during the survey for the remaining tests. Those who did not attend were visited at home where practicable.
COMPARISON GROUP
Workers at a light engineering factory producing large industrial heaters and four wheel drive vehicles were asked to volunteer as a comparison group. The factory employed 1 10 people and was situated in a similar rural environment to the sawmill. It comprised one large shop floor and attached offices. The workforce consisted of sheet metal workers, lathe operators, welders, paint sprayers (who used two pack polyurethane paint), tool makers, assemblers, warehousemen, and storemen, as well as office staff. Each of these departments was asked to find a number of volunteers to produce a sample with about the same distribution of occupations as at the sawmill.
EXPERIMENTAL DESIGN
A cross sectional study of the entire workforce at the sawmill and the comparison group was made during one week in October 1989. All subjects gave informed consent before taking part in the survey and the study had been approved by Brompton Hospital ethics comr..ittee. The subjects completed an occupational, environmental, and smoking questionnaire under supervision. A symptom questionnaire was presented by a doctor blinded to the answers to the first questionnaire, and subjects then had lung function and skin prick tests. Blood samples were also taken.
QUESTIONNAIRES
The questionnaires contained sections on systemic, respiratory, nasal and conjunctival symptoms, smoking, and occupational history, as well as questions about exposure to other known causes of extrinsic allergic alveolitie (mouldy hay or grain, mushroom growing, and birds). Questions on cough, phlegm, breathlessness, wheezing, and smoking were taken from the Medical Research Council's questionnaire on respiratory symptoms.3 Questions on nasal, conjunctival, and flu-like symptoms, weight loss, and fevers were also included. All questions on symptoms asked about the previous 12 months (or the last 12 months of employment at the sawmill). After each of the questions about symptoms were questions about the date of onset of symptoms, whether they improved at weekends or on holiday, and whether there was any seasonal variation. Further questions on wheezing during the four weeks before taking part were taken from a questionnaire that has been validated against histamine bronchial reactivity,4 and a positive response to one or more of these questions was used to define symptomatic bronchial hyperreactivity.
Symptoms were called work related if they improved at weekends, or on holiday and if they had started after the subject had joined the sawmill or factory. For the purposes of this survey extrinsic allergic alveolitis was defined as the combination of one or more work related respiratory symptoms (cough or breathlessness) and a constitutional symptom (work related flu like symptoms or unintentional weight loss). Venous blood (10 ml) was collected from subjects and the serum was stored at -20'C until assayed.
RAD1OIMMUNOASSAY
The conditions of the radioimmunoassay were optimised with serum known to contain specific IgG before the assay of serum samples from the survey. classified as low dust environments, and the green mill, maintenance department, and saw shop as high dust environments. Subsequent personal dust sampling and the worker's median subjective assessment of dustiness both supported this division (tables 1 and 2). There were no significant differences between the ages, heights, smoking habits, or exposure to other known causes of extrinsic allergic alveolitis in men in the two exposure groups (table 3) . Significantly more workers in the low dust group reported seeing mould than those in the high dust group (60-3% v 37-8%, p = 0 025). Of those observing mould it was seen by 31% on cut boards, 31% on logs in the yard, and 22% in the dry mill. It was seen by 2% on buildings and 14% on wood; these 14% were not able to be more precise. Table 2 shows the prevalence of work related symptoms, chronic bronchitis (cough productive of sputum for at least three months each year for more than two years)," and unintentional weight loss in these groups. The prevalence of work related cough, wheeze, and nasal and eye symptoms was significantly greater in the high exposure group.
Two workers (4-4%) in the high dust group had both a work related respiratory symptom and a constitutional symptom and thus fulfilled the criteria for extrinsic allergic alveolitis (as defined for the study). This was significantly more than in the low dust group, where no workers fulfilled these criteria (p = 0 034). There were no significant differences in the prevalence of symptomatic bronchial hyperreactivity (table 2) , or in the normalised FEV, or FVC (table 4) . There was also no significant difference in the prevalence of atopy (those with one or more positive reactions to skin prick tests with mixed grass pollen, house dust mite, or cat fur) or cutaneous reactivity to mould extracts among high and low dust workers (table 5) .
The results of the IgG binding studies of serum samples from workers against extracts of sawdust from the centre of the logs, mulched bark, Trichoderma koningii, Penicillium glabrum (frequentans), and Aspergillus fumigatus showed that the distribution of the data was skewed. Therefore, for statistical analysis the data were subjected to a log, transformation to give a normal distribution. Both the results of personal dust sampling and the workers own subjective assessment of the dustiness of their environment supported our stratification into high and low exposure groups at the sawmill.
Significantly more men reported work related mucosal irritation (eye and nose) in the high exposure group at the sawmill than in the low exposure group or at the comparison factory and this is in keeping with other studies of woodworkers."3 14 The prevalence of symptomatic extrinsic allergic alveolitis among the high exposure group at the sawmill (4-4%) suggests that wood associated alveolitis may occur as often in British sawmills as in Swedish sawmills. 2 No cases of extrinsic allergic alveolitis occurred in men in low dust jobs, suggesting that exposure to wood dust was an important aetiological factor.
The finding that work related wheeze was more prevalent in the comparison and high exposure groups than in the low exposure group suggests that there were sensitisers or irritants in the dust at both sites; at the sawmill these were likely to be in the wood dust, at the comparison factory these may have been related to paint spraying or welding. The fact that the prevalence of symptomatic bronchial hyper-reactivity was similar in both groups at the sawmill and was higher than at the comparison factory, suggests that occupational exposure to sensitisers at the sawmill may be responsible for the development of bronchial hyper-reactivity. Although certain hardwood dusts are known to be potential sensitisers, softwood dusts are not generally considered to be important causes of occupational asthma'5 although they have been recognised as causes of occupational dermatitis.'6 Extrinsic allergic alveolitis and wheeze caused by exposure to the same allergen has previously been described'7 but is uncommon. Swedish woodtrimmer's disease is thought to be caused by exposure to moulds growing on wood, the growth of which is nurtured by kiln drying.2'8 Only a small proportion of the wood at this sawmill was kiln dried, but half of the sawmill workers had seen mould around the mill, mostly on the unsawn logs in the yard, or on boards being cut in the dry mill. Measurements of airborne spores showed that the largest concentrations occurred near to the automatic debarker and in the green mill. This is consistent with the finding that most wood mould grows in the area between the bark and the wood'920 so that spores will be dispersed when high energy teeth rip off the bark or cut the outer layers of the stripped log. Despite the finding of spontaneous heat generation by the pile of mulched bark (presumably due to decomposition of the bark by fungi) spore concentrations nearby were no greater than in the rest of the log yard and were about half the concentrations found in the green mill. The results of personal sampling are in broad agreement with these findings.
At almost all sites the three most commonly isolated fungi were Penicillium species, Aspergillus fumigatus, and Trichoderma species. Penicillium species and Aspergillus fumigatus were also the two most abundant fungi at the comparison factory although fewer in number, but Trichoderma species were uncommon. Total concentrations of fungal colony forming units were of the same order as the mean daily concentration of fungal spores determined microscopically, in Cardiff, less than 50 miles from the sawmill.2' These are probably somewhat lower than concentrations at inland sites,22 but concentrations determined by culturing are also lower than those determined microscopically as not all airborne spores are viable. The composition of species in Cardiff differed greatly, however, from that found in the sawmill. In outdoor air by day, Cladosporium is usually predominant and spores of Aspergillus and Penicillium type are relatively few. At the sawmill and in the comparison factory, Penicillium predominated with Aspergillus fumigatus, Trichoderma, and, sometimes, Stilbella. The last two genera are particularly characteristic of a timber substrate. Cladosporium, Alternaria species, Aureobasidium pullulans, Penicillium species, Aspergillus species, and Trichoderma species have all been found to be numerous in the air of Canadian23 and Swedish sawmills.2425 Alternaria species and Aureobasidium pullulans were not common, however, at either the sawmill or the comparison factory. Penicillium and Trichoderma species have also been found to be common aerospores in wood furniture factories. 26 Penicillium species are ubiquitous fungi occurring in soil27 as saprophytes on decaying vegetation and causing decomposition of vegetable matter such as grains and foodstuffs. They have previously been associated with both asthma and extrinsic allergic alveolitis.' 28 Trichoderma is also widespread2729 and is commonly found on wood, wood products, and in soil. 30 The higher concentrations of IgG against Trichoderma koningii in men in the high exposure group at the sawmill compared with those in the low exposure group or at the comparison factory are likely to reflect exposure to the fungus rather than being indicative of disease. Nevertheless, all those workers with symptoms consistent with extrinsic allergic alveolitis had high concentrations of antibody against Trichoderma koningii. High concentrations of serum antibodies against Tichoderma have also been reported in Finnish sawmill workers."
The mean concentration of IgG against sawdust was also significantly greater in workers in high dust jobs at the sawmill than in those in low dust jobs, or at the comparison factory. The presence of high concentrations of IgG against extracts of sawdust and mulched bark probably also reflects exposure, but concentrations were again high in workers with symptoms of extrinsic allergic alveolitis. The identity of the relevant epitopes in the wood extracts remains unclear.
Binding inhibition studies' have shown partial antigenic identity with fungal antigens, in particular Trichoderma, present in the wood presumably as a result of infection but there also seem to be other antigens present, some of which may be constituents of wood itself. Wood is known to contain numerous chemicals capable of producing topical dermatitis"3 and exposure to one or more of these may be responsible for inducing specific IgG production. As in other studies of extrinsic allergic alveolitis,32 the mean specific IgG concentrations were lower in smokers than in nonsmokers.
This study has shown that exposure to wood dust at the sawmill was associated with an increased prevalence of symptoms related to nasal and conjunctival irritation and with a high prevalence of symptomatic bronchial hyper-reactivity. Sawmill workers exposed to high concentrations of dust had more work related respiratory symptoms than those exposed to lower dust concentrations and cases of extrinsic allergic alveolitis only occurred in the more heavily exposed group. As well as being exposed to high concentrations of wood dust, this group was also exposed to high concentrations of fungal spores and had high concentrations of specific IgG against extracts of sawdust and Tichoderma koningii. High exposure to fungal spores, particularly to Trichoderma koningii, seems the most likely cause of extrinsic allergic alveolitis in these sawmill workers.
